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Abstract 
The excitation spectrum of two-dimensional FeAs-clusters modeling iron-based superconductors has been obtained by using a 
quantum Monte Carlo algorithm within the limits of the full two-orbital model. The first data are presented for clusters of size up 
to 10×10 FeAs-cells. The influence of interaction strength on dispersion is analyzed. 
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1. Introduction 
High-temperature iron-based superconductors have been among the most interesting objects of study in physics of 
superconductivity in recent years Kamihara et al. (2008), Isyumov and Kurmaev (2010), Dagotto (2013). As well as 
copper-based high-temperature superconductors (HTSC), these compounds have a layered structure; however, due to 
the features of multi-gap band structure, they have a complex phase diagram including antiferromagnetic, structural 
and superconducting phase transitions Sadovskii (2008), (2012), Ishida et al. (2009), Medvedev et al. (2012), 
Nekrasov and Sadovskii (2014). 
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The pronounced anisotropy of iron-based HTSC can be successfully used to describe them within the limits of a 
two-dimensional tight-binding model. One of the most appropriate models for these compounds is the two-orbital 
model Raghu et al. (2008), Moreo et al. (2009), which is a typical generalized multiband Hubbard model. 
In this work, we investigate electron correlations in FeAs-based HTSC and focus our attention on the calculation 
of the spectrum of elementary excitations, which determines the Fermi surface and the density of states. The 
calculations were carried out with the use of the generalized quantum continuous time world line Monte Carlo 
algorithm (the generalized CTWL-algorithm) adapted to the full two-orbital model by Kashurnikov and Krasavin 
(2010) 
2. Model 
The Hamiltonan of the two-orbital model is given by 
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where operator  VV ),(,),(, yxiyxi aa &&  creates (annihilates) an electron with spin V  on site i&  and orbital )(yx ; 
4,...,1,  iti  are the hopping amplitudes between xzd  and yzd  orbitals defined as x and y, respectively; U and V 
describe the Coulomb interaction within and between orbitals, respectively; J is the exchange integral; μ is the 
chemical potential. 
The set of parameters of kinH  in (1) was taken from [10] (all the parameters are normalized to 0.2 eV): 
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3. Results 
The Matsubara Green’s function 
,)0()(  cVEDVW W ji aaT                                                                           (3) 
where ji,  are coordinates of Fe atoms; ED ,  are orbitals; VV c,  are spin projections, was calculated for different 
values of the interaction parameter at the half filling. Near the forbidden band the quasiparticle spectrum should be 
well resolved, and the asymptotic behavior of the Matsubara Green’s function has the following form: 
 
.~),( )( WW kEekG                                                                        (4) 
 
By analyzing this relationship, it is possible to calculate the quasiparticle dispersion )(kE . The spectra of 
quasiparticles along the main crystallographic directions for various values of the interaction parameter U are 
presented in Fig. 1. A typical electronic excitation branch can be seen. The upper branch for U=8 has the maximum 
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at ),( SS k , and the minimum is located in the center of the band at zero momentum, while the lower branch has 
the maximum in the center of the band. 
To analyze the off-diagonal long-term order in the system, the pair-correlation function was calculated, 
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Here E  is the inverse temperature, and G  defines the pairing channel corresponding to the type of symmetry of the 
order parameter [10]; the correlation functions 2Q  and 9Q  are responsible for pairing with gA1  and gB2  types of 
symmetry, respectively. The order parameters are defined by 
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where N is the number of Fe atoms, and KD ,  correspond to orbitals and nearest neighbors, respectively. 
Fig. 1. Excitation spectra depending on the value of the interaction parameter U for 10х10 clusters. β=15. 
Expanding the expressions (6), (7) according to Wick’s theorem, we obtain the following combination of normal 
terms: 
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where EDED ,,   if  nV  and EDED  ,,  if  pV . 
The differences 22 GQ   and 99 GQ   then give the information on the anomalous terms 
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Figure 2 shows the dependence of the functions 9292 ,,, GGQQ  and their differences on temperature for a large 
cluster of 10×10 Fe cells and different interaction parameters. 
The data obtained indicate the possibility of pairing of charge carriers in the region U<8; the gA1  type of 
symmetry is realized. 
Fig. 2. Temperature dependences of the correlation functions. U=4, V=2, J=1 (a); U=8, V=4, J=2 (b). 
4. Conclusions 
Calculations of FeAs clusters with the number of cells up to 10×10 in the framework of the full two-orbital model 
were carried out by means of the quantum Monte Carlo algorithm at the half filling and at different temperatures and 
interaction parameters. The data on the excitation spectrum and pair correlations are presented. The results indicate 
the peak in the density of states near the Fermi level, and the possibility of pairing of charge carriers with gA1  type 
of symmetry in the region U<8. 
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